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A brief account of a personal case suggests the characteristic picture in man.
At 12.30 a.m. on February 5, 1958, a man of 37 was admitted to hospital from a home for mental defectives where he had lived since childhood. In normal health until 11 p.m. on February 4, he was then .seized with severe abdominal pain and retched repeatedly without vomiting. He had a grossly distended abdomen with mottled cyanosed skin and with an absolute wooden rigidity more pronounced than is usual in patients with perforation of a peptic ulcer. Despite a normal circulation and blood pressure in his arms, his legs were cold, mottled and pulseless and appeared anaesthetic and paralysed. A Ryle's tube produced only a little brown fluid. In the belief that spontaneous rupture of the stomach had occurred, laparotomy was performed. The tightly stretched peritoneum was incised with great care and a loud, prolonged escape of gas followed, with disappearance of the abdominal distension. On inspecting the abdomen it was clear that the final incision had opened the stomach, tightly pressed against the abdominal wall, and the escaped gas had been intragastric but there had been no escape of froth or fluid and the peritoneum was unsoiled. No other abdominal lesion or apparent obstruction to either orifice of the stomach was found; the gastric incision was sutured and the abdomen closed. The patient died about two hours after the operation without regaining consciousness but with recurrence of his abdominal distension. The circulation to his legs, which had returned to normal after operation, had again been occluded by the time he died. The post-mortem showed no mechanical obstruction at cardia or pylorus, but the stomach and duodenum contained a considerable quantity of raw peas. A smell resembling stale alcohol or vinegar was most pronounced at-postmortem, as it has been before death. The cause of death was extensive bilateral pulmonary collapse associated with great elevation of the diaphragm. Iti s possible that this patient might have been saved by the effective use of a large stomach tube, although Hillemand et al. (1947) report rupture of the stomach occurring with one in place, or by a MAY temporary gastrostomy, although this also failed in a case reported by Leger and Miies (1947) .
In human cases the usual cause of death is rupture of the stomach, Rejthar (1952) finding about 30 cases in the literature. The mentally retarded appear to be particularly liable to it. The preceding meal is usually heavy and contains mainly vegetable; peas, raisins, plums and sauerkraut are typical examples. Sodium bicarbonate taken medicinally (Millar et al., 1957) or used in excessive amounts in a cake (Chipail et al., 1948) appears to have provoked attacks, while several records suggest that copious water drinking soon after a meal contributed to disaster. Ladkin and Davies (1948) reported spontaneous rupture of the stomach after a large meal of African sweet potatoes, a smell of vinegar being noticed clinically and at post-mortem. They found that organisms from the stomach hydrolysed the sugars in sweet potatoes with liberal gas formation but such investigations on postmortem material are of doubtful significance.
In man, therefore, this condition is one of very gross gaseous distension of the stomach, occurring in the absence of organic obstruction and commonly following the excessive ingestion of vegetables or of substances containing readily liberated gases. It is clearly distinct from the commoner acute dilatation of the stomach complicating abdominal surgery, which is painless, is accompanied by profuse vomiting and causes death by fluid and electrolyte loss, not by rupture of the stomach. Spontaneous gastric dilatation resembles bloat in various ways. The types of food most commonly producing the two conditions have similar possibilities of fermentation, while in both there is an added risk if water is taken soon after the meal. The nature of the gas has never been determined in man but in several reported cases it was almost certainly carbon dioxide. There is no evidence that bloat in ruminants is necessarily associated with particularly greedy feeding (Johns, 1956) , but it is also true that the previous meal has not invariably been excessive in human cases. Certainly, in both species very high intragastric pressures may be produced-sufficient to overcome normal blood pressure in 2 human cases-while Boda et al. (1956) recorded an intraruminal pressure of 86 mm.Hg in a cow with bloat.
The fundamental functional difference between the non-glandular rumen and reticulum of animals and the glandular stomach of man might be felt to exclude any close comparison between the condition in the two species, but if the source of the gas in ruminants is bacterial fermentation of sugars with gas production (Belscher, 1950) it is tempting to accept the view suggested by Ladkin and Davies (1948) to explain their case which followed a meal of African sweet potatoes. In general, however, bacterial fermentation can hardly be a factor in man, except perhaps in the presence of achlorhydria, but fermentation by enzymes or yeasts might occur within a large vegetable mass, protected by its bulk from the action of hydrochloric acid, even in the human stomach. The very high pressures and the alcoholic smell are in keeping with a fermentation process occurring in a closed space, as is the rapid recurrence of distension in an anesthetized patient in whom air swallowing could hardly occur. This raises the question of why the human stomach or the animal rumen should behave as a closed space. In both cases distal passage of gas may be prevented by the bulk of a heavy vegetable meal, although this did not appear to be true in the case described above, but in man, once distension is established, gastric peristalsis will cease and the pylorus probably go into spasm.
In a series of experiments on the human stomach at post-mortem, it was found that if the pylorus was ligatured and the stomach inflated through a needle connected to a hand pump and a manometer, gas escaped up the cesophagus as soon as the pressure in the stomach exceeded 40 mm.Hg. If, however, only a small incision was made in the abdominal wall, so that the relationship between stomach and parietes was not disturbed, and the intragastric pressure was raised rapidly, in several cases pressures of 240 mm.Hg (the limit of the manometer in use) were supported without leak up the cesophagus. Unfortunately, any attempt to enlarge the incision or to explore with the hand to discover the exact mechanism responsible led to immediate emptying of the stomach through the cesophagus, but it was thought that when the gastric fundus became distended with gas at a high pressure it might well displace the abdominal cesophagus and kink it against the right crus of the diaphragm, producing an occlusion increasingly secure as the pressure rose and very difficult to traverse with a stomach tube.
This does not, of course, explain the failure of the patient to expel the gas before these high pressures are reached. It is probable that in ruminants free gas bloat is preceded by frothy bloat (Fincher, 1956; Johns, 1956) , the froth being difficult to eructate and producing distension of a degree which prevents satisfactory contraction of the rumen in order to expel free gas when it develops. No evidence can be found that such a stage occurs in humans and no froth emerged from the stomach described above when incised at operation, but the stage of froth may well have been passed by the time the reported cases came under treatment. It is clearly probable, however, that the mechanism producing these remarkable degrees of gastric distension is fundamentally the same in man and animals and that the human condition may be clarified incidentally as understanding of the mechanism of bloat in the ruminants increases. It may be that only his gastric acidity and relatively modest vegetable diet prevent man from suffering commonly from bloat.
My thanks are due to Mr. W. J. Ferguson, under whose care the case described was admitted, for permission to report it; to Dr. Donald Teare for performing the post-mortem; and to Dr. A. Knudson for his valuable advice and suggestions.
